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meniterng contex

m iOCUS 0N confinement of PMP/EMI
m COIN as ase: of experience
m ClOp-Le-Ccrop gene: filow
n INtegrity: ofi foed/feed supply,

m confinement: and public pelicy.

5 confinement concern

s epIsodic release to food/fieed supply
= accumulation Inf Breeders seead



confinement and public poelicy

[QILsS=PAsea. cliterion

= Primary: CONCern IS, ot outceme, UL Precess
and allewed action

780! [I5K crternon

5 Independent off Benefits anadl costs, and: of
RewW: bIg the rsks are;, eliminate; or do not
allew the Introauction of, the rsk®

Moergan and Henrion. 1990. Uncertainty: A Guide to Quantitative Risk and Policy. Analysis.




confinement state-of-the-art

commercial seeal supply: shews 99x% trait PUriby.

UCS. 2004. Gone to Seed.

Federal seed law mandatess =10 fireguency. of

Unintended trait presence’ inl foundatien Seed
(991.9%) pure)

.. and 99.5% purty for certified corm
current practice' meets or exceeads this standare




breeders’ seed maintenance
(pPre-foundation; seed)

30 seedl each fromi 20 ears; in Unigue rews

200 seed per ear

5 plants per rew. are iand pollinated

1 plant efi the 5/1s advanced to the next generation
rfepeat for a second generation

iif OC frequency due to In-flew: Is 0.001,

andl no ability te detect,

freguency for 1 contaminant seed to be retained In breeder’s seed
s 1 in 108, if intrusion: is episodic ini generation 1
90919994 pure
s 11 250, If In generatien 2 or recuring) ever generations
99.6% pure
i breeder Is able to detect and rogue ofif-types

.. likelihoed of retention further reduced (10- to 10,000-fold)




Line Developme

maximum magnification
of trait presence
through the seed supply

1x

Consumer



Line Developme

maximum magnification
of trait presence
through the seed supply

pre-foundation QC
measures are used to
control against
magnification of

unintended traits
(see for instance, Mumm
and Walters, Crop Science
2001)

Grain

1x

Consumer



moenitering breeders' seed

limit recurent presence off traii

miRimIze poetential for magnification
throughrseed/grain channel

IOCUS! MORIteXING efifierts

= N a given year, ca 10 acres breeder seed vs.
s0rmillien acres grain



approaches o MeRIterng

MenRIter: for physical presence
moniter for likeliheod ofi escape
MOeNIter for Precess Integnity



moenitoer fer physical presence

moenitor polien

" ndirect

s pollen must be viable, reach a receptive plant,
Compete With' receptor pellen;, and effectively: pollinate

MoeNIter eULeressing INter receptor: field off concern

(01 suiregate: sentinel plot)

s [estricted analytical sensitivity.

m sample size' constraints

® Nighl enror rate: (false positives/negatives)



zero telerance (0% threshold)
seed analysis perspective

exact aefinion: = 0% /6L 1P UL

s MUst test entire: lot

niaaen: biresnola = 0% 111 samiple

s don't ask, don't tell

Zeroraeviant pian. = 0%o) [os/tVes i
sample

= sensitive to false positives

= high developer risk



moenitoer fer physical presence

detect and confirm 0.1%) OC 10’ a Irecepior

a analyze 3000 seed and accept zero pesitives with 5% chance of
accepting a field alkove 0.1%

detect and confirm 0.01% OC In a receptor field

s analyze 100rpools of 3001 seedl each and accept zero: pesitives
Withi 5% chiance: oif accepting| a fieldl above 0.01%

s analyze 50 poeols ofi 320 seed each and accept Zero pPesitives
Wit 20% chance off accepting a field above 0.01%

detect and confiim: at: 0% OC 106 a receptor
s analyze every seed



moeniterng withi sentinell plots

detect andl confirm
decline over distance

extrapojate to nearest
field of concern

IMItations of approach
x Verlfication off medel integry,

a design and sampling
Intensity.

m extrapolation beyond data



moenitoer fer physical presence

1 effective and reasonanie: fox traits at
200m, but limitedl pracuicality:at 16005 m
= lImit off detection

s alsence off validatien datal te Verily
extrrapoelation



Moenitor fer Precess Integrity.

m design compliant Processes
Use redundancy: ter address; URcertalnties
Meniter and audit Precess



BIGIVIAP Biepharma Confinement Preject

Hazard
an intrinsic
property of the
pharma-active
compound

|

L /

Confinement best practices
a general property of the agronomic system

-—

l/‘
I/
-/

Process flows
conceptual description of management

|

Materials flows
mathematical description of
management x environment

Exposure <«—

Crop biology
& Environment

Expression
a property
of genes
X environment



QEA for process integrity

m descrile process flows fer confinement

m Use QEA to

m [dentify’ process Uncertainties
n [dentify: critical control peints

s Understand nature ofi magnitude: of process
falllires



describe process flows for confinement

Pollen management
» Use trained personnel for pollen management sub-processes and cleaning
» Use approved procedures for pollen management sub-processes and cleaning
* Use dedicated and/or clean equipment for pollen management sub-processes
* |Institute appropriate pollen controls
« Conduct pre-pollination identification and removal of off types/breakers
» Conduct post-pollination identification and removal of off types/breakers
» Confirm temporal and spatial isolation standards are achieved throughout the pollen
shed interval
» Confirm overall pollen management sub-processes compliance

Use trained personnel for harvest sub-processes and cleaning

Use approved procedures for harvest sub-processes and cleaning

Use dedicated and/or clean equipment for harvest sub-processes

Conduct machine harvest in conformance to standards

Conduct hand harvest operations to recover missed/dropped ears
Document disposition of biogenic materials through harvest sub-processes

Confirm overall harvest sub-processes compliance



identify: process uncertainties

pollen management

Input to pollen marragemerr’fD

Offset within standard

i1

Offset out of StandamD

Fully conforming Conforming Conforming
processes al male sterile —  tassel management
= L <]
Conforming MNon-confarming
male sterile E, tassel management
L
Partially conforming ;
processes Conforming
] ; tassel management
Man-conforming
male sterile '
[ Non-conforming
tassel management
Mon-conforming Mon-conforming Mon-confarming
Drocesses i male sterile o tassel management
L  FE |
Offset pass Join to within standard
Offset fail 0 Destroy field

Outcrosses

Outcrosses

Outcrosses

Outcrosses

QOutcrosses

=] Qutcrosses

<] Qutcrosses



Lnderstand process failures

y 5} Deterministic Distributional result
relative number of fugitives el 50" percentile ” - 90™ percentile
Outcrossing (to field at 1.61 km)
Fully conforming @ 6 16
Partially conforming
Male sterility system 59 166
Detasseling 50 100
Male sterility system + Detasseling S10[0) 1,000
Non-conforming 1,467 15,333
Harvest loss (left in field)
Fully conforming 2,500 2,500 4,333
Partially conforming
Combine 20,000 73,333
Ear picker 6,000 10,333
Non-conforming
Combine 60,000 176,667
Ear picker 7,333 19,000
Harvest loss (harvest mixing)
Fully conforming nil nil nil
Partially conforming
Combine 1,200
Ear picker 120

Non-conforming 30,000



moenitor for likeliheod off escape

m physicalimodel for pollienr flew/ouitcrossing

site and confine tormeet a predetermined
confinement geal

reall time monitor key: attrbutes of fugitive
[0)5)S

» Windlspeed, direction & timing; Rumidity;
iemperature

identify, departures firom: confinement
goals



moeniter and responad

= MoNIter, model, and Identiy departures
firony confinement geals i real time

m [dentify; at-risk receptor: fields

m SEgliegate product firon at=risk field prior
10 anvest (Channel e destroy)



summary

Why moniter (BMBs/BMIS)?
n [Rdependent: off risk/benefit, dernoet allew Introduction

Wihat: 16, MeRIter?
n lIne develepment: and breeders: supply.
= MinImize the poessibility, fier recurrent presence

ROW, 10 MGRILeK?
= PreCEess Integrity

Wihat dees Zerer mean?
m Verficatien/validation of moeniteing strategies/moedels
m resolution off menitering ehjective

risk vs. zero tolerance?



BIGMAP p i

Biosafety Institute for Genetically Modified Agricultural ol
Products -

lowa State University

m PAlNCRIISIERSENR
m seedi supply’ and preduction

m Y UREYaRT Sy

m datalase development

m Satish Ral

m seed guality: and analysis

mV2R[iVisra
= Director, BIGMAP

BIGMAP will provide science-based analysis of the risks and benefits of
genetically modified plant and animal products. It will provide guidance and
education to help safeguard consumers and the environment.
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